We examined the assisted natural restoration of an Australian floodplain wetland where flows were reinstated and the river was reconnected to the floodplain, following the cessation of agricultural cultivation. We surveyed extant vegetation three times, over an inundation event across a range of sites with different land use histories. Two key opposing factors influenced the success of restoring native floodplain vegetation: inundation and land use. Restoration rate and success increased with increasing inundation frequency but decreased with antecedent land use intensity. Prolonged land use history (>12 years continuous cultivation) restricted restoration success, increasing the persistence of exotics and dryland species, and indicative of an altered stable state considerably different from the restored state. Fields with a short land use history (1-3 years clearing and cultivation) resembled undisturbed floodplain communities, consistent with a "field of dreams" hypothesis. Inundation increased abundance and richness of target wetland species most significantly when there was a high frequency inundation. Our work demonstrated that while river-floodplain reconnections can restore wetland successfully, legacy effects of past land use may limit the pace and outcomes.
Introduction
Governments and community organizations are increasingly trying to restore the historic continuity and structure, species composition and functions of ecosystems by reinstating ecological processes (Clewell & Aronson 2013) . For wetlands, restoration often primarily involves manipulation of inundation regimes (assisted natural restoration; Arthington & Pusey 2003; Brudvig 2011 ) to reinstate as closely as possible historical abiotic conditions, which is consistent with the "Field of Dreams" hypothesis (Palmer et al. 1997 ). Indigenous vegetation is assumed to sequentially recolonize degraded sites, given removal of the cause of degradation and reestablishment of ecological processes (Palmer et al. 1997; Suding, Gross, & Houseman 2004) . Unfortunately, such a simplistic focus can ignore other ecological influences which change restoration outcomes and lead to alternative stable states (Palmer et al. 1997; Suding et al. 2004; Young et al. 2005; Williams et al. 2008; Toth 2010) . Exotic species may displace native species (Whalley et al. 2011; Toth & van der Valk 2012) and land use (e.g. agriculture) may severely degrade ecosystems, irrevocably altering soils and destroying seed-banks, making restoration of indigenous vegetation communities impossible (Middleton 2003; Brudvig & Damschen 2011) . Alternative state theory (Suding et al. 2004 ) provides a contrasting view of ecosystem dynamics to the Field of Dreams, allowing for succession to be arrested or diverted from a linear pathway from degraded to desired indigenous states. We tested the applicability of these concepts to the restoration of a wetland ecosystem.
Wetlands are among the most degraded ecosystems worldwide and under continuing pressure (Millennium Ecosystem Assessment 2005) . In semi-arid and arid regions of the world, floodplain wetlands have declined in size (>50% worldwide since 1900) and their capacity to deliver ecosystem services, particularly in response to water resource developments upstream (Lemly et al. 2000) , increasing the relative importance of the remaining remnants as sites for biodiversity conservation (Nilsson et al. 2005) . Management responses to wetland loss include large restoration projects using environmental flows (Kingsford 2011; Pittock & Finlayson 2011) . The Australian Government aims to return 2,750GL per year to the environment to restore rivers and wetlands in the Murray-Darling Basin (Murray-Darling Basin Authority 2012). Environmental flows are thus a primary mechanism for restoration and maintenance of highly regulated freshwater ecosystems in Australia (Arthington & Pusey 2003) . For example, returning peak flood events in regulated systems can maintain function and composition of vegetation in floodplain wetlands (e.g. River Murray, Catford et al. 2011 ).
Restoring wetland vegetation using environmental and managed flows reflects a "Field of Dreams" approach to ecological restoration. Yet efficacy of this approach remains poorly understood for many ecosystems, particularly given uncertainty of confounding causes of degradation (Suding et al. 2004; Brudvig & Damschen 2011) . Land use history may reduce restoration success for vegetation communities yet it is rarely investigated (Brudvig 2011). We investigated whether a 'Field of Dreams' model adequately explained the response of wetland vegetation to environmental flows or whether land use history compromised restoration success, suggesting possible alternative states. We examined the effects of inundation and land use history on restoration success of historical native vegetation communities in a Ramsar-listed wetland in north-western NSW, Australia. We predicted that restoration rates and success would increase with more frequent flooding and decrease with more time in cultivation.
Methods

Study Region
The Macquarie Marshes is a semi-arid wetland in the Murray-Darling Basin (Fig. 1) , one of the more agriculturally developed river basins in Australia (Kingsford 2000; Leblanc et al. 2012) . The Marshes are formed from the anabranching channels of the Macquarie River, before it joins with the Barwon River (Yonge & Hesse 2009) . They cover about 200 000 hectares, and experience semi-regular spring inundation (Paijmans 1981; Kingsford & Auld 2005; Thomas et al. 2015) . The flood-dependent vegetation is adapted to variable flows, surviving dry periods, growing and recruiting with inundation (Brock & Casanova 1997) . Historically, annual river flow was highly variable (ranging from 2% to 940% of the mean), but river regulation has reduced the median annual flow to 44.83% of the pre-regulation volume and variation only reaches an upper limit of 300% (Kingsford & Thomas 1995; Ren & Kingsford 2011) . The reduced volume and variability of flows have degraded vegetation by replacing native wetland species with dryland and exotic species, and contributed to declines in waterbird and fish populations (Kingsford & Thomas 1995; Bino et al. 2014; Bino et al. 2015; Catelotti et al. 2015) .
There is a mixture of land uses in the Marshes: about 10% is protected within a Nature Reserve (Fig. 1) ; most remains private land grazed by livestock; and some is dryland and irrigated cropping enterprises. The Pillicawarrina property was one of the largest cropping enterprises, growing wheat and irrigated cotton from the 1980s. Cropping replaced largely intact flood-dependent vegetation communities (Paijmans 1981) , including river-red gum forests (Eucalyptus camaldulensis), lignum communities (Duma florulenta), river cooba (Acacia stenophylla) and a mixed marsh understory (Eleocharis plana, Ranunculus undosus, Stellaria angustifolia, etc; pers. Comm., Peter Hall, local grazier at the time, March 2013). Agricultural development occurred in stages over 21 years , across six fields, cleared of native vegetation and sometimes laser-leveled for cultivation (Fig. 1, Table 1 ). Levee banks were constructed around some fields, with the largest, built in 2002, severing the northern section of Pillicawarrina from the river, preventing inundation of this part of the floodplain ( Fig. 1 ; Lloyd Johnson, Pillicawarrina Property Manager, January 2015, pers. comm.).
In 2008, the New South Wales and Australian Governments bought 2,436 hectares of the enterprise, adjoining Bulgeraga Creek (Fig. 1) 
Survey methods
We surveyed vegetation at 18 sites: six in the undisturbed Nature Reserve and 12 in the cleared and cultivated fields where land use changed (hereafter referred to as undisturbed or disturbed, Fig. 1 , Table 1 ). Undisturbed sites were not cleared or cultivated and were unaffected by levees. Each of the disturbed sites had different levels of disturbance from past land use, either cleared only or cleared and subsequently cultivated (1-23 times). Sites also had different inundation histories which we measured as either the time since last land use event (given the effect of land use on vegetation) or over a 20 year period since 1992 if the site was undisturbed (1992-2012; Table 1 ; Thomas et al. 2011, Thomas et al. unpubl. data) . Sites disturbed by land use were historically river-red gum forest and lignum shrubland communities, similar to undisturbed sites (Fig. 1.; Paijmans 1981; Kidson et al. 2000) .
Two replicate sites were randomly placed in each of six fields, with different clearing-andcultivation land use histories (Table 1, Fig. 1 ). We counted and measured the height (shrubs) or diameter at breast height (trees) of all woody species (defined by floras; Royal Botanic Gardens and Domain Trust 2015), rooted inside each 20m x 20m site. We also estimated abundance of herbaceous species within five randomly placed 1m 2 quadrats in each site, using a variation of the point-intercept method, based on a grid of 25 pins (every 20cm) (Hnatiuk et al. 2009 ). The total number of species' hits that touched each pin provided an estimate of biomass. This index differed from the point-intercept method, which records only one hit per species to calculate an estimate of projected cover (Kent 2012). We surveyed the vegetation three times; every six weeks, across the 2012-2013 inundation and drying cycle, November-March, to assess changes in composition through inundated, drying and dry conditions (Fig. 2) .
Data analyses
We examined effects of land use history separately for woody and herbaceous vegetation, accommodating the different survey techniques. We also used functional groupings of herbaceous species, providing a comparative measure for similarly disturbed wetlands with different species . Herbaceous species were categorized into 12 functional groups (see Brock & Casanova 1997;  Table S1 ). Species were also separated into native and exotic taxa (Royal Botanic Gardens and Domain Trust 2015).
We tested for differences in species' composition among different land uses (i.e. clearing and cultivation history) and inundation treatments, using generalized linear models (GLMs), within the mvabund package for multivariate data in R version 3.1.1 R Development Core Team 2012) . The mvabund package accounts for varying mean-variance relationships in multivariate response data. We also implemented a resampling approach to account for multiple correlations among response variables . Before modelling, we removed rare species (single or two observations) to improve computational stability. The response variable was the observed species or functional group abundance (i.e., counts), with two predictor variables fitted to models: the number of years a field was used (i.e. cultivated or cleared; duration of land use) and the number inundations since the last land use disturbance or since 1993 if undisturbed (Table 1) . A third predictor, a function of time since last disturbance, accounting for undisturbed sites (1/number of years since the last land use event), was excluded from the models because of collinearity between this and years cultivated and years inundated (0.6 and -0.7 respectively). Finally, a negative binomial distribution was fitted to account for heteroscedasticity and overdispersion in the response variable (Bolker 2008) . We fitted models for all combinations (additive, interactions and individual), using the two predictor variables, and computed the Bayesian Information Criterion (BIC, Burnham & Andreson 1999) to compare between models. The model with the lowest BIC (the "best model") for each survey period and plant type (herbaceous or woody) was used.
We then calculated univariate statistics, identifying the species and functional groups which contributed most differentiation of communities. To test for significance, an adjusted p-value, from the resampling-based version of Holm's step-down multiple testing procedure, was used to control the family wise error rate across species . Each survey period was analyzed separately, given that mvabund cannot analyze repeated measures, despite its value in dealing with unstable mean-variance relationships.
Results
Floristics
We identified 66 plant species: 91% herbaceous (39 native and 22 exotic), with the remainder woody. The most common herbaceous species included sedges [e.g. flat spike sedge (Eleocharis plana) and Juncus spp.], grasses [e.g. brown beetle grass (Diplachne fusca) and barnyard grass (Echinochloa spp.)] and herbs [e.g. slender knotweed (Persicaria decipiens), noogara burr (Xanthium occidentale) and swamp starwort (Stellaria angustifolia)]. The most abundant exotics were noogara burr and wild aster Aster subulatus but we also found populations of fleabane (Conyza bonariensis), lippia (Phyla canescens), and burr medic (Medicago polymorpha). Sites with less land use (U1-6, D0-D2) were generally similar to undisturbed sites, with a higher proportion of natives and wetland functional groups, compared to more highly disturbed sites, which had more exotic or terrestrial functional groups (Figs. 3 & 4) . As the wetland dried, there was less difference in native composition while the proportion of exotics in undisturbed sites increased (Fig. 4) . While overall diversity was similar, more intensively disturbed sites tended to have more terrestrial herbaceous species (Fig. 5 ). There were 15 exotic species among the 36 terrestrial species, with 10 of the exotic species exhibiting an annual or annual/biennial lifecycle. Terrestrial plant abundance was mostly native (84%, 72% and 61% in the inundated, drying and dried sampling phases respectively) while within exotics, annual or annual/biennial exotics species made up the majority (67%, 62% and 97% respectively).
Most woody species were abundant where they occurred and as were perennial, abundances did not vary over time. The exception was the annual budda pea (Aeschynomene indica), which germinated during drying (Fig. 2) . River red gum occurred only in undisturbed sites, except for young trees growing along channels of the restoration area. Conversely, Acacia stenophylla was the dominant woody species in the restoration sites, occurring in lower numbers in undisturbed sites. Lignum was present in undisturbed and restoration sites, but was in higher abundance and advanced structure in undisturbed sites and therefore of more value to waterbirds.
Compositional response to land use history and inundation
Species' composition was significantly related to years of land use and inundation: both factors were selected in the best and second best models (Table 3) . Years of land use was selected in all the best models, across the inundation cycle, for all herbaceous and woody communities. At the beginning of the inundation cycle (inundated, Table 3), number of inundations and years of land use were in the best herbaceous model, whereas, later in the cycle, years of land use alone was the only variable in the best model. Throughout the inundation cycle, results for woody species were similar, not unexpected for mature trees, with even the germination of budda pea not affecting model selection. Models which gave the lowest BIC and contained only the years of land predictor variable were usually within five BIC values of a model containing both: the number of inundations and years of land use predictor variables, suggesting that both models gave a similar fit to the data. Within herbaceous species' models, the three top performing functional groups accounted for most of the variation observed among sites (see Table 3 ). Compositional changes largely occurred across land use disturbance and inundation gradients within these functional groups.
Over the full inundation cycle, abundances of the top three native herbaceous amphibious functional groups were negatively related to the years of land use history. In contrast, there was a positive relationship between abundance of exotic dry terrestrial species (3rd strongest functional group) and land use disturbance in the dry phase (Table 3) . Alternatively, inundation frequency was positively related to abundance of native and exotic floating-leaved species during the inundation period and negatively related to abundance of native terrestrial damp species (Table 3) .
The model coefficients (Fig. 6) showed that functional groups responded differently to disturbance and inundation. Amphibious functional groups were positively related to the inundation frequency, in the herbaceous community, during the inundation period (Fig. 6  a) . In contrast, the terrestrial dry functional groups were associated more positively with more intensive land use disturbance. Further, abundances of terrestrial exotics were positively related to the years of land use in the drying phase (Fig. 6b) but abundances of native amphibious functional groups were negatively related to increasing years of land use, albeit not always significant. During the dry phase, only native amphibious functional groups were significantly negatively related to increasing land use. Over the drying period, fewer functional groups were significantly related to the environmental variables than during the inundated period. All woody species had similar coefficient plots (Fig. 6d ) but none were significant. River red gum had a large negative coefficient, but confidence intervals were also large. Both budda pea and river cooba records were weakly positively related to the number of years of land use history. Overall, woody species were not strongly related to land use history, although river red gums were not usually found with increasing land use history.
Discussion
We examined the success of a wetland restoration project, requiring significant investment (capital and operating) which relied on returning some of the original inundation regime. The goal was establishment of the original vegetation composition and structure over time. Encouragingly, environmental flows established the functional diversity of targeted native plant species where prior cultivation had not been prolonged. There was more likely to be a positive effect on wetland native species if there were frequent inundation events after cessation of cultivation. Under these conditions, the response to restored flooding was consistent with the "field of dreams" hypothesis, exhibiting a targeted trajectory where history of land use was of short and not a strong driver. Conversely, sites affected by a long history of land use maintained a low functional diversity of wetland native plants during and after the reintroduction of flood waters. This suggests that 'field of dreams' restoration responses were either greatly decelerated or arrested by a prolonged period of prior cultivation. The latter is consistent with transitions to alternative stable states, which apparently maintain a stable composition of exotic and/or dryland vegetation despite reinstatement of flooding. Thus, the duration of historical cultivation appears to mediate the restoration trajectories of our wetland plant communities in response restoration of environmental flows, and the likelihood of a field of dreams response is positively related to the inundation frequency of environmental flows. Further, the expression of these responses varied across the inundation cycle. In summary, maximum restoration success may be expected from environmental flows when inundation is frequent and sites have a relatively short duration of land use history.
Our evidence of restoration success, conditional on land use history and subsequent flood frequency contrasts with poor response to restoration efforts in American wetlands (Galatowitsch & van der Valk 1996) and terrestrial woodlands in Australia (Munro et al. 2009; Nichols et al. 2010) , where there was little evidence of a 'Field of Dreams' effect. In both cases, restoration was attempted after long histories of intensive land use.
Land use history effects
Although several studies demonstrate strong influences of historical land use on restoration of species' composition (Flinn & Velland 2005; Brudvig & Damschen 2011) , few have explored how the duration or intensity of land use disturbance affects restoration. Instead, they rely on static comparisons between past cultivation use with non-cultivated sites (Brudvig 2011). In our study, the duration of intensive land use disturbance (years of clearing and cultivation) was the most important predictor of species' composition in restored fields. It was the dominant predictor alone or with inundation frequency in all our models for woody and herbaceous species, over the full inundation cycle (Table 3) . Land use disturbance was negatively related to native herbaceous plant groups, particularly amphibious wetland functional groups. Fields that had experienced prolonged cultivation had a greater proportion of exotic annual terrestrial species than less disturbed sites (Fig.  6) . A prolonged legacy of land use disturbance at least reduces the rate of wetland restoration and may inhibit it indefinitely, limiting progress on management goals to restore amphibious native wetland species. The effects were apparent but not as strong for woody species.
Our restored sites, with low land use disturbance, had similar proportions of species (functional grouping and native/exotics) to the reference sites (Figs. 3 & 4) , reflecting relatively rapid (5years) progress towards restoration targets. Restoration rates appear to be slower in some other types of large (>100ha) riverine wetlands where at least 20-100 years may be required for significant restoration progress (Galatowitsch & van der Valk 1996; Moreno-Mateos et al. 2012) . The status of in situ native soil seed banks and the frequency of inundation probably increased the rate of restoration in our study. Assays of soil seed banks at sites with different disturbance histories could help resolve their role in restoration and compare with seed bank studies conducted just prior to restoration (Waters et al. 2010a) . Conversely for sites experiencing prolonged land use, we may only have captured the initial restoration phases, requiring ongoing monitoring to test longterm effectiveness. Alternatively, restoration barriers may be at play, requiring investigation of supplementary management actions (introduction of seed, soil treatments, weed control, etc.) to initiate more favorable responses to environmental flows under those conditions.
Inundation effects
Frequency of inundation was positively related to most native wetland functional groups (Fig. 6 ) during the inundation, when flows were at their highest (Fig. 2) and less obvious during the drying phases (Fig. 6, Table 3 ). Inundation frequency was probably important because past floods may have deposited hydrochorus propagules that were triggered to germinate during actual inundation events, when water availability was high (Nilsson et al. 2010) . The combination of high flood frequency and water availability during a flood provided ideal conditions for restoration. When the flood dried (Fig. 2) , the proportion of exotics generally increased with drying, suggesting that exotics favored increasing drying, during post-inundation germination conditions (Fig. 4) . High inundation frequency was important for increased restoration rates or success, but this may only be detectable during actual inundation.
High inundation frequency promotes restoration success (Middleton 2003) , primarily because there is more moisture for germination of wetland species (van der Valk et al. 1992; Capon 2007) . On the River Murray, inundation was the strongest driver of transition from vegetation communities dominated by exotic annual terrestrials to dominance by perennial native wetland species, despite grazing land use (Lunt et al. 2012) . In contrast, we found that effects of land use history outweighed those of inundation (Fig. 4) , probably because cultivation has stronger impacts on standing vegetation and seed banks compared to grazing. Importantly though, Lunt et al. (2012) also found that, without regular inundation, exotic annual terrestrial species re-colonized. While the larger proportion of terrestrial species in our study area were natives, the terrestrial exotics that we recorded followed a similar pattern to that observed by Lunt et al. (2012) , with exotic terrestrial annuals re-colonizing with drying. Regular inundation will be important to ensure ongoing success of restoration by increasing the abundance of native wetland species and minimizing colonization of exotic species, even against a background of prolonged land use history in some sites.
Restoration management
There is an increasing global focus on restoration of agricultural landscapes (Middleton 2003) , especially through managed environmental flows to wetlands. While success was variable, we showed that environmental water allocations were achieving restoration outcomes that were relatively rapid and most effective in fields not seriously affected by detrimental land use. This provides strong evidence of return on investments from Australian governments to purchase dedicated land (Pillicawarrina) and water allocations to the Macquarie Marshes. Similar returns are likely from investments in other connected wetlands. Further inundation is necessary to continue this success and potentially help manage annual exotic terrestrial plants. These conclusions were reinforced by evidence of interactions between flooding history and land use history.
We showed that successful restoration management needs to understand and manage for the legacies of past land use. These detrimental effects could be offset to some degree by more frequent inundation to increase restoration rates. If there is insufficient water available to achieve inundation frequencies required for restoration of floodplain wetlands, management goals need to adapt to an alternative state (e.g. terrestrial ecosystem, see Suding et al. 2004 ). Our findings suggest that understanding degradation levels is critical to selecting effective restoration techniques and setting realistic restoration targets (Walker et al. 2014) . We recorded no recovery of the most intensely cultivated fields during our study, so we cannot predict their likely long-term outcome without further experimentation to determine responses to other management actions and over longer time scales. Ultimately, restoration success of ecosystems is fundamentally underpinned by an understanding of the drivers of previous changes and the matching management actions to restore the ecosystem. Ren et al. (2010) . (following Brock and Casanova, 1997) . See Table S1 for species' assignments. Names in parentheses are used as shorthand in this study. (Oct 2012 -Mar 2013 . Table 2 ) for the three inundation periods (inundated, drying, dry are a,b,c respectively) 
TABLES:
*These inundation frequencies were calculated from the time of last land use
